S 24 , are identical at the deduced amino acid sequence level.
region of the OligodT-Adaptor primer. The amplification program consisted of 2 min at 94°C for initial denaturation, 45 cycles of 30 s at 94 °C, 30 s at 50 °C, 1.5 min at 72 °C, and a final extension of 7 min at 72 °C.
The cDNAs obtained were subcloned into a pCR2.1 cloning vector with the TA cloning kits (Invitrogen Co., Ltd., Hongo bunkyo-ku, Tokyo). The nucleotide sequences of four clones designated Si-1, -2, -3. and -4 were determined by dideoxy chain termination on an ABI PRISM TM 377 DNA sequencer (PerkinElmer Co., Ltd.) using dRhodamine Terminator Cycle Sequencing Kits (Perkin-Elmer Co., Ltd.).
S-allele specific PCR analysis of Malus ×domestica DNA. Total DNA from leaves of individual plants was isolated as described by Thomas et al. (1993) . S-allele-specific PCR amplification and digestion were carried out essentially as described by , Kitahara et al. (2000) , Matsumoto and Kitahara (2000) , and Verdoodt et al. (1998) . For S i (=S 10 )-allele identification, PCR was conducted using sense (5'-AACAAATCTTAAAGCCCAGC-3'; Si-sense, nucleotides 255-274 in Fig. 1 ) and antisense (5'-GGTTTCTTATAGTCGATACTTTG -3'; Si-antisense, nucleotides 514-536 in Fig. 1 ) primers, with the total DNA of each cultivar being expected to possess the S i (=S 10 )-or S 3 -allele. Each 35 µL PCR mixture contained 1.0 µM of each primer, 200 µM deoxynucleotides, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.001% (W/V) gelatin, 2.5 U Taq polymerase, and 50 ng template DNA. The thermal cycler (GeneAmp 2400 apparatus; Perkin Elmer Co., Ltd.) was programmed for the following conditions: 3 min preheating at 94 o C, 1 min at 94 °C, 1 min at 60 °C, and 1 min at 72 °C for 30 cycles, followed by an extension for 10 min at 72 °C. After PCR, EheI digested the amplified fragments. Digestion was done for 2 h at 37 °C. The amplified and digested fragments were separated on a 4% polyacrylamide gel in TAE (40 mM Tris-acetate, 1 mM EDTA, pH 8.0) at 50-70 V for 1-1.5 h.
Results
Since the OWB134 primer anneals to a conserved region in apple S-RNases, we used it for cloning the S-RNases in 'McIntosh' (Verdoodt et al., 1998) . We isolated and sequenced four independent cDNA clones, and all inserts represented a single S-allele, designated the S i -RNase. We did not obtain the cDNA clone corresponding to the other Sallele in 'McIntosh' by using the OWB134 primer. The 3'-nucleotide triplet of the OWB134 primer corresponds with the translation initiation codon ATG (Verdoodt et al., 1998) . The S i -RNase contains a 684 bp coding region encoding 228 amino acids with a MW and pI value of 26121 and 9.42, respectively ( Fig. 1) . In apples, S-RNases code for polypeptides containing 225 to 228 amino acids. A part of the protein sequence of S i -RNase (deduced amino acid residues 28 to 210 in Fig. 1 ) completely matched that of the S 10 -RNase
Materials and Methods
Plant material. Leaves of 'Empire', 'Shinano Red', 'Spencer', and 'Vista Bella' were obtained from the Nagano Fruit Tree Experiment Station, Japan. Other Malus plants used in this study were from collections at the Apple Research Center of the National Institute of Fruit Tree Science, Morioka, Japan. 'McIntosh' flowers were collected at the popcorn stage and dissected, and the pistils were removed and immediately frozen in liquid nitrogen and stored at -80 °C. Young leaves were collected and stored at -80 °C until used.
Si-RNase cDNA cloning. Total RNAs of the mature pistils without the ovule, stamens, petals, and leaves from 'McIntosh' were extracted essentially as described by Chang et al. (1993) . Reverse transcription (RT) was performed in a total volume of 20 µL containing 1 µL ( 1.0 µg) of RNA, 0.125 µ M Oligo dTAdaptor Primer (Takara Shuzo Co., Ltd., Kusatsu, Shiga, Japan), 0.25 U AMV Reverse Transcriptase XL (Takara Shuzo Co., Ltd.), 20 U RNase Inhibitor (Takara Shuzo Co., Ltd.), 1 mM dNTPs, 5 mM MgCl 2 and 1x RNA PCR buffer (10 mM Tris-HCl pH 8.3, 50 mM KCl). The analysis was programmed in a thermal cycler (GeneAmp 2400 apparatus; Perkin Elmer Co., Ltd., Urayasu, Chiba, Japan) and conducted under the following conditions: 60 min at 42 °C, 5 min at 99 °C, and cooling to 4°C
. A PCR was then carried out in a total volume of 100 µL containing 20 µL of the RT reaction mixture, 0.2 µM OWB134 primer , 0.2 µM M13 Primer M4 (Takara Shuzo Co., Ltd.), 2.5 mM MgCl 2 , 1x RNA PCR buffer, and 2.5 U Taq DNA polymerase (TaKaRa TaTM ; Takara Shuzo Co., Ltd.). The OWB134 primer anneals to a conserved region in apple S-RNases and the M4 primer is complementary to the adaptoŕ (Richman et al., 1997) , suggesting that S iRNase is equivalent to S 10 -RNase. The deduced amino acid sequences of S i -RNase showed a high similarity to S 3 -RNase (94%).
From the S i -RNase cDNA sequence data, we developed a PCR-digestion method for S i (=S 10 )-allele identification. We designed specific primers, 'Si-sense' and 'Si-antisense', and carried out PCR amplification using 'McIntosh' as a template. A PCR product very close to 282 bp was obtained for 'McIntosh' (Fig. 2,  lane 1) and 'Golden Delicious' (lane 3), but not from five other cultivars (lanes 5-9). Digestion of the 282 bp fragment from 'McIntosh' by EheI cleaved it into pieces of 185 bp and 97 bp (Fig. 2, lane 2) , but the fragment from 'Golden Delicious' was not digested (Fig. 2, lane 4) . The amplified allele in 'Golden Delicious' (S 2 S 3 ) must be S 3 , as no fragment was amplified in 'Worcester Pearmain' (S 2 S 24 ). S 3 is the only other S-allele that is amplified by the primers. Using this method, the presence of the S i (=S 10 )-allele was also detected in 'Empire', 'Spencer', 'Maypole' 'Vista Bella', and 'Shinano Red' ( Table 1) . The S-genotypes of 'Empire' and 'Spencer' are consistent with their parentage, as both are seedlings of 'McIntosh'. The second allele in these cultivars (S 2 , S 3 , S 24 , S 27 , and S 30 ) was identified using the Sallele specific PCR-digestion analysis method (Table 1) .
Discussion
In this study, we isolated a cDNA clone of the S i -RNase from 'McIntosh' apple. Only 14 out of 228 amino acids differed between the S i and S 3 protein sequences. Of these 14 differences, two were in the rosaceous hypervariable (RHV) region. Several unclear bands were obtained at high molecular weight by the primers 'FTQQYQ' and 'anti-I / M WPNV' . As the sequences of the primers completely match corresponding regions of the S i -RNase, a band of 1300 bp seemed to be amplified from the S iRNase. If this interpretation is correct, the S iRNase might contain an intron at a similar position and length as the S 3 -RNase. Since S i and S 3 -RNase are closely related, as are S f -, S g -, and S h -RNases, they might be useful to investigate the relationships among S-alleles in apple.
It was clarified that the S i -RNase corresponds to the S 10 -RNase. In Japan, S-alleles have been designated alphabetically (Komori et al., , 1998a (Komori et al., ,1998b , but numerically in Europe (Kobel et al., 1939) . Kitahara et al. (2000) listed several alleles by their alphabetical designations and the corresponding numerical designation. Table 2 includes additional equivalent designations and lists cultivars that carry each allele (Broothaerts et al., 1996; . The accession numbers of the DNA sequences are also shown (Table 2) . Recently, we cloned S e -RNase from 'Delicious' . A part of the deduced amino acid sequence (amino acid residues 71 to 189) completely matches that of the S 30 allele of 'Red Delicious' (GenBank data base Accession number AF201748, released 1 Dec. 2000). The amino acid residues 1 to 70 and 190 to 227 are not listed in the database for S 30 , so the degree of match with S e is unknown. The matched region (71 to 189) contains a RHV region, which distinguishes among S-RNases. The intron position and sequence of the S 30 -RNase also completely match those of S e -RNase (Accession number AB050636 submitted by us). Similarly, a part of the amino acid sequence of the S 1 -RNase (Certal et al., 1999) completely matches amino acid residues 41 to 90, including the RHV region of S f -RNase (Matsumoto et al., 1999b; Sassa et al., 1996) , suggesting that S f corresponds to S 1 . Previously, we represented the S-genotype of 'Mutsu' as S a S b S g (Kitahara et al., 1999) , while it was reported as S 2 S 3 S 20 by Boskovic and Tobutt (1999) . From these results, S g corresponds to S 20 . Boskovic and Tobutt (1999) 
